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.1. 

Estimation of clinical cut-ofife 



IbeiKresmtmveotbncoocenstric^ formproviagtheaxMiacy of 

5 predictiog resistance of a disa^e to a drug. Mare spedfically, tha inveation provide 
metiiods ibr assessing the imps^ of pce-edstii^ variations in drug susceptOnlity, 
whether natoiafly occurring or selected by prewous drug exposure, on treatment 
response in order to establish cMcally relevant cut-off values for pbenotypic or 
genotypic resistance tests. 

10 

All publicatkmSy patents and patent applications cited hecein are mconporated in full by 
reference. 

Techniques to determine the resistance of a disease to a drug are becoming incre^ingly 
15 important Siiice flie isuanc^ of the first report suggesting a cottektion tetween the 
emergence of vital resistance and clinical progr^sion, techniqi^ to cbtermine the 
redstance of a pathogen to a drug have been increasingjiy iacoiporated fato cHxdcal 
studies of theria5)eutic regimens (see Brendan Larder et al., HIV Rje^istance aiKl 
InBplications for Thempy (1998)^ herein incorporated by reference). For GKBmple^ as 
20 with viral infections, some studies show tihat p33 mutations may also be predictive of 
tEmacnir le^nse to specific anticancer drug therapy, radiation treatment or gene 
ther^. This is the case in bi^ast <^cer wbs^ initial studies have shown that cisplatin 
and tamoxifen are more elective in patmts whose tomours have a p53 nrnt^on. Thus, 
the aim of ledstance monitoring is to provide the necessary information to enable the 
25 physician to pr^adbe the most optimal combination of dnig^ for the individual patent. 

With more thet^utic options becoming available over tibme, resistaiKe testing is 
eoipected to pky an important tole in fb& management and treatm@it of disease and ihet 
devekpm^ of imlividualiz^ tseatment regimes [see e-g. Ilaalbrich et oL JAIDS, 
30 2001,2681, S51*S59], 

Fiirtfaem»Ere, the number of drug resistant diseases is also increasing, Phenotyping 
mefihodobgks xneasine fee abiMty of a pathogen to grow in the presence of dififetent 
drugs m the laboratory. This is usi^ expre^ as the feld chan^ tn the IQo or IC90 
35 valu^ (the IC50 or ICgo value bdtig the drug concentration ^ which 5fm or 90% 

respectively of the population of pathogen is inhibited from replicating). For example, a 
higjily resistant virus might show a 50 or even lOO-foM increase in IC50, for example. 
Some viral mutations only increase the IC50 by as little as 2-3 fold. On the other hand, a 
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pathogen may exhibit hypers^itivity towards a given 6mg. For example, it has been 
demonsh^^ tteit a combicatkm of HIV imitations may lead to hypeisensitivity of tibie 
Imogen towards a given dmg. 

5 Unlifej geno^ingj phenotyping k a direct measure of susceptibility, reflecting the 
effects and interaoticms of all the mutations, Icnown or unknown, on the behaviour of 
fljo pathogen population in the presence of a drug. 

Hie utility of dnig susceptibility |&enoQ|sng is dependent on the '^ciit-ofif value of fte 

10 fold increase in, for example, the IC50 at which a pathogen is considered i^^istant The 
term "cut-off value" as used herem^ refers to tiie thtesliold change in susceptibility 
above which a pathogen is clawed as having reduc*^ susceptibility for a particular 
dnig. Hmg *'resfatance% as used herein, pertam 1^ the edacity of resistance, 
sensitivity, susceptihDity or effectiveness of the drug against the pathogen, 

15 

There has been r^:ent debate reg^ding tihre relevance of some cut-off values currently 
in use. For example, for viral infoctkms, cert^ groups cuirentiy use technical cut-off 
valu^, which are usually the same value for each drug-tested and are determined not 
by cHnical crtoja but, for otarrple, by the assay variability seen on repetitive testing of 
20 a single wild type standard vims. By rep^tsdly mnning a test wdfh the siasubnl 

reference virus^ the reproducibility of the t^t is msasaied and a ci^-off is set at this 
level, (e.g,, a 25-fold increase in IC50)- This provides a cut-off fliat depends largely on 
the andytical performance of the assay. This approach suff^ from the limitation that it 
does not consider the population-based variation in drug responsiveness. In addition, 
25 such an approach does not account for different responsiveness towards differait dmg 
regimens. The Hmi^tkms of setting a single cut-off &r all available drugs in this way is 
that it tells the clinician veiy little about the sigiii£Lcance of any change in susceptibility 
reported by a test. Indeed, some virological cut-off values ate dearly out of line with 
known response data. For example, indications of low level resistance to non- 
30 nucl^tids reverse traoscriptase inhibitors (NNRTIs) does not lead to blunted responses 
to drugs m previously untreated individuals (Hacrigan et al, Bacheler et al, 4th 
Intemational Worlcshop on HIV Drug Resistance and Treatment Strategies, Sitg^, 
Spain. Abstr. (2000)), Other assays have cut-^^ff values ftet are prhrarily based on the 
reproducibility of the assay, are the same for each 6xKt%^ or are not related to whetiber a 
35 drug might work against the pathogen in clinical practice and are, tterefore, rather 
arbitrary. 

Methods have akeady been described to develop more meaningful, biotogically 
relev^t cut-off values fi>r dmgs in BN tiierapy- For example, Virco measured the 
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ICso valucss for isolates from 1,000 unlxeated patimfe as well as naany tiiousands of 
samples of HIV-1 wifh no jr^islaoce matatioos. The avet^ge and flie tange of 
soG^eptibQily were calculated jfar each drug. The cut-oi^ were Ihen set at two ^dard 
deviations above 1he mean. This statistical team mssm that a lest issult ifelling above 
5 the cut-off caa be said to be above the normal susceptble range with 97.5% coiKfidence 
(Harrigan et al World-wide variation in HIV-1 phenotypic susceptibility in untreated 
individuals: biologically relevant values for resistance testing, 200L AIDS 15:1671- 
1677). Since the susceptibility of untreated aad un-mutated vims varied considerably 
from drug to drug, the predicted biological cut-of & are different for each drug. 

The use of biological cut-offs has changed the amount of resistance being reported for 
HIV. For exansple, 4e biotogical cut-off values f<^ the dldeoxynucleoside analogues 
are lower than the cut-offs u^ previously aud, in a study of 5,000 random clinical 
saniples, revealed a higher and more realistic incidence of resistance. Conversely, the 
cut-ofi& fin: the non-nucleoside reverse trans<mptase inhfljitors are higher than those 
pieviously used 

However, although the biotogica} cut-off values are a vast impit)veinent to the arbitrary 
cut-oflSs used previously, there are still disj^ties between fiiese predicted thr^holds 
and the observed fold-resistance abov^e which a clinical response is actually reduced. 
There is thus a gr^ need for a method iJiat can establish cut-off fold change r^stance 
rahies that ate climcally-televant 

The preseirt invention provides a solution to these problems, in the form of new 
methods for assessing the impact of pre-existing variations in drug susceptibility, 
wMier natumlly occurring or ^ected by previous drug exposure, on trealanent 
response in (Mcder to establish cfinicaUy relevant cut-off values for phenotypic or 
genotypic resistance tests. 

30 Summary of the invention 

According to the invention, there is provided a diagjiostic method for estims^g for a 
pati^t the ti^^toent response of a disease caused by a pathogen to a drug, the method 
comprisfaig: 

comparmg the foM change Ksiatance ^e of the p^hog^ hifeciing the patient to a 
35 cMcal cut-off value which is the fold change resfetanoe value at which a cMcally 
:i^Ievant variation of clinical reis|xmse is observed; 



20 
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wherein &e climcal cirt-off value is es^lished by modellmg &e clinical iiesponse of a 
peculation of patients treats wifli the drug to the disease caused by the pathogen as a 
fonctbn of the fold change i^^sistance of 4ie paibogen infecting the patients, 

5 According to flie invention^ a threshold fbld-resistance is established, ^ove which a 
disease is classdfi^ as being resistant to a drug in a clinical context The method 
models treatment response of the pathogen causing the disease to a particular drug as a 
function of baseline pathogen load, baseline r^istance, baseline activity of co* 
administered dru^ targeted to tite pathogen and treatment WstcMry. By *l}aseline 

10 pathc^ load" is meant Ite paftogen load of tte patient measured st Uie start of 

treatment by the drug* By *l3aseline fold change resistance'' is meant the fold change 
resistance to Ihe candidate drug e?dnT>ited by the patho^ infecting the p^ent at the 
start of treatment By *1)aseline activity of co-administeroi drugs targeted to the 
pathogen" is meant &e activity a^inst the pathogen of each drug administered in 

15 combination with fiie drug for which the tr^tment r^ponse is being modeled. By 

"treatn^ Kstoiy*' is meant the previous dn^ exposure of the patient (and therefoire, 
the pathogen). 

In a preferred embodiment, tte cut-off value is ifetermined as a fanction of treatment 
20 r^oi^e data in treated subjects, considering baseline pathogen load, baseline fold 

change resistance, baseline activity of co-administered dm^ targeted to the pathogen, 
aM treatment history. 

This method thus provides a piediction of clitrical outcon^ at diff^ent levels of 
25 baseline resistance. According to this methodology, treatment outcome (drop in 

I^thogen load ami respond rate) is modeled by drug as a function of baseline fold 
change resistance detemdnedby reference to a system ti^ measures drug resistance 
phenotype or predicts drug resistance phenotjpe fiom pathogen genotype (such as 
VirtualPhenotypetS), Virco). The models take into account effects of co-^ministered 
30 drugs, baseline pathogen load and, optionally, treatment history in order to avoid any 
bias introduced by imbalances of climcaUy-^important characteristics. From the model, 
a prediction of outcome can be made at different levels of the baseline fold change 
resistance of the pathogen, 

35 Using this methodology, fold chmige resistance values obtained by con^^arison of 
genotype witi phenotype (for example, VirtualPhenotype®) are linked with cUnical 
outcome. This is a unique approach; other research groups use different ^roaches 
whereby pardcular mutations or actual phenotype results arc linked with clinical 
outcome. 
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The mettiodology of fhe mventm is advantageous o^er liiose cimetdly used. For 
exHmple^ ocmventioDal qiproaches do not fldly accost fi>r fhe popdatiottrbased 
variabaity in drug sensitivity, in the present tne£bod, fhe population may ai^lude 
5 treatment n^e and treatment experienced patients, and imy be a mixed population 
which is mt restricted tc^ &r exan^le, a single gender, age, race or sesoial behaviour. 

The mettiod of the inventkm a^o accounts for the differ^^t responsiveness in a 
IK>pulation towards diSfetent dm^. The dnig-specific clinical cut-off values <k1teiimned 
10 li^th^ approach are mcxiie reliable ^i^^ 
strains of pathogen. 

The method also allows clinical cut-ofTs estaidObl!^ usmg fiie method lobe re- 
calculated depending <mi the type of popoMon studied, Le- apaediatric population may 
1 5 have a difEbreot clinical cut-off fiat a i^cular drug than adult population fin: fhe 
same drug. 

Of particQlar hio^Kirtance, this metho^logy allows fhe detemdnation of clinical cut-offe 
£»r afl marketed dri^ in a um&i^ 
20 data derived from response to cooidnnation therapy. Cuirenfly available ait-of & ace 

detemined by reference to a litnited amount of data and n^ be incons^tent as fhey are 
<^etmined using different ^[^oaches. 

According to Ihe invention^ clinical cut-off values are eslablkhed by modeli]:^ ihe 
25 clinkal recuse of a population of patients tr^ted with the drug to fhe disease caused 
by aparticular pathogen as a function of fhe fold change resistance of flie i^thogw 

infecting fhe patients. The fold change resistance for a pathogen may be estabUsbed 
using methods known in the art Briefly, Ihe sensitivity of a patient sample for a 
particular drug is compared with the sensitivity of a Tcference sample for tiiat same 

30 drag. This may be done by a) deteranining fhe sensitivity of a patient sample for the 
dmg; b) det^Dtnining fhe seu^ivity of a refecence saniple for fhe dn:^ and c) 
detctmining the patient fold change resistance flom the quotient of the sen^vity 
obtained in step a) o^ the s^itivity obtained in b). Examples of preferred methods 
for performing these steps are described in detail in co-pending applications 

35 WOOl/79540 and WO02/33402. Equivalent metibods will be apparent to the person of 
skill in the art. 

In a preferred imbodmient of Ihe invention, the cut-off fold diange resistance vahie is 
cakuteted by icfereiK;e to the log of the pathogen load drop, in such a mefliod, a Knear 
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regression analysis is piefembly performed using a set of treatmieiit response data ftom 
subjects harbouring the pathogen, wherein the log pathogen load drop LogPL drcpi^ for 
Uie pathogen infecting a ps&wt ^ is modelled as the sum of all of the indivklual 
contributions tm &ctDrs HxaA influence patfaogoi load drop, accotding to the following 
5 equaticm: 

LogPLdwp, = ^iLog{SaseHnePL,)+ ^^{PSS,) + ^^(1 / J7C,)+ e, 

In thig equation, BaselinePLt represents the j^thogen load of the patient measured at 
the startof ti^tmentby the drug. 

PSSi is a phenotypic sensitivity score representing the number of active dm^ in flie 
10 bsudcground treatment re^en for Ihe patient, excluding the drug whose contribution to 
tceafn]rat respotise is being mo^Qed 

FCi is a baseline fold change resistance. 

po is the intercept 

pi is a coefficient representing fee increase in Ic^ pathogen load drop per unit inci^ase 
15 of tihe log of the BaselinePLt In the case of HIV andHCV infection, baseline PUn 
readily quantified by validated conmercial assays, 

jfc is a coefficient indicating the ino^ase m log pathogen load drop per unit increase of 
the number of soisitivc dmgs in the background treatment regimen. 

^s, is a coefficient indicating the increase in log pathogen load drop per unit increase of 
20 the inverse of FQ. The value of tins coefficient is part of the output of the described 
model 

^4 is an mor term which ispces^ the difference between the modell^ prediction and 
the experimentally de^emiinedmeasutemeiit 

The coefficients in the linear regression model may be calculated using a computer 
analysis package such as PRCX: LIFEEtHj, PROC LIFEREG is k procedure within the 
SAS (Statistical Analysis Sys^) software which performs linear regression on 
censored data. By de&ult, the UFEREG Procedure con^mfes irntjsQ values for iSie 
parameters using ordinaxy least squares (OLS) ignodng (xn^ning. The log-likelihood 
function is maximized by means of a ridg^-stabilized Newton-Raphson algorithm. 

PSSi, the phenotypic sensitivity score, repr^ents fiie number of active drugs in the 
baclcgrouud treatment regimm for the patient, as predicted firom pathogenic genotype 
by jPlrtuaiFhenotype™ or other algorithms or as measured by actual phenotype testing. 



25 
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The purpo^ of this term is to allow a dmg-speciflc value to be extracted from 
treatmeat lespome data that has been collected for a patient that has leceived a 
conabinatioti of dm^. In Om way^ tcsistanoe data jielevant ^lely to Ihe particular dnig 
under inv^gatkm is extracted. The other drugs aie ccmsidered the background 
S regin^ this may be different for dijSeient p^enls. It is necessaiy to analyze patients 
with different background regiment togelfaer as there would not be enou^ dal^ to do a 
sound anal^is otb^wise. 

Dunng this analysis it has to be takiea into account thai differ^t background regimens 
10 influence the clinical outcome in a di^^rent wajr. In order to do this, the activities of 

background dm^ are sununarised, by det^tnuning the number of ^ive drugs, and Oats 
devising a PSS (preferably judged as active acooiding to VirtualPhcnolype®), The PSS 
then included in the model. 

15 In a preferred embcwiinieni; the PSS may be calculaled based on preHnainaiy clinical 
cut-ofis wfaicli are detmnined as d^ctibed. The conc^t of FSS is di^^ussed in d^ail 
by DeGruttola et al (Antiviral Therapy 20(K); 5:41-48). la addition, the concept of 
continuous PSS as a vari^on of PSS is discussed by Bosch et al (AIDS 2003, 17:1-9); 
Katzensteinefa/. (AIDS 2003; 17:821-830); and Haubrich^^a^, C^Delavirdine 

20 Hypersusceptibility (DLV HS): Virological Response and Phenotypic Cut-Points — 
Sesulfs fiom ACTO 359**; 1 Ifli CcHifetence on Retroviruses and Opportunistic 
Infections hdd on 8-11 FeJsriKiiy 2004 in San Francisco, CA, USA). The PSS may be 
determined by an iterative process such tiiat ttie cut-off value is refined to a ccnistant 
value. In subseqi^t iterations of the model, PSS scores based on preliminary cHnical 

25 cut-offe defined in the first iteration of the nffidel may be utilizsed. 

FQ, the ba^lme fold change^ is equivalm to baseline fold change resistance* These 
terms are used interchaEgeably herem. This is a patient-specific term and is detetmined 
b^@d tsx a drug susceptibility phenotype t^t or piedrcted based on the genotype of the 

30 patbog^ iofecting a particular' patient. The phenotype exhibited by the pathogen of this 
genotype may be pr^cted in a number of ways; ^merally, such techniques compare 
the genotype to phenotjpe data collected fix>m a group of patients infected with a 
l»ifiiogen of similar genotype. However, this dc^s not change the feet that this fold 
change resistance is a cbaracteristic of flie specific patihogenic strain infecting an 

35 individual patient at baseline. 

For example, prediction of baseline fold change resistance may exploit rules-based or 
other tess direct systems of determining the dmg resistance phenotype of a pathogen. 
An example of a less direct system is the Virtual Phenotype (Virco^ lac; 
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PCT/EPOl/04445), PredBction of ba^Iine fold change resistance may alternatively use 
other systems fiir detemidaing pheaotype &om genotype MotmatioB, such as neural 
networks that detemmie flie drug tefidstance phenotype of a pathogen based on its 
geootypic information (see^ for exanqde, U. S. Patent Application No. 09/589^67; 
5 FCr/BP01A)6360. The B^uial network niay be iised to iientifynmtationCs) ormui^oii 
patterns that confer resistance to a drug and <tefin^ ftie genetic basis of drug re^taiKse. 

j3o, the intercept, is the estimated log pafiho^ load drop for a reference group i.e. a 
theoretical group of patients wi& a baseQne pathog^ load of one, an infinite fold 
10 cl»mge tesitetK» and no sensitLye drugs in the background. The purpose of this term is 
to improve Ihe model fit If it was not l!K^lud 

through the origin (zero Log PL diop Bt smi fold change redstanc^) , which could lead 
to an uni^alistic model 

1 5 The caaxir tenm, rcpreseirts the difference l^twem the modefl^ pi:ediclion and the 

ecqperhnentally determined measuiement i.e. the difiereuce t^tween the actual response 

of the patient and Ihe predicted response- As more data are added to the model, 
additional factors that are relevant to the determination of clinical cut-off values will be 
added This will injprove fiie model fit and therefore the errcff of the prediction will 
20 decree. All the p terms are estimated simultaneously by minimizing the error term. 

In Ihk methodology of this ^hbodlmeat of fhe invention^ c^tisoring (palhogw loads 
beyond the assay range caused by the detection limits of pathogen toiad Mts) aJBFects Ihe 
results and therefore procedures fliat take censoring into accmmt are preferably applied. 

25 Preferably, censored values are dealt with by atten^iting to constmct a model that is 

consistent fiom extrapcMions. This model is s^ppSis^le to any descaib^ melhodoiogy. 
Cer^j^ values are Ham modelled by xepladng the censored value by a maximum 
likelihood estimatbn, assomipg knowledge of flie standard deviation of the 
measurement error. For example, censored values may be cfealt wifli using fhe PROC 

30 LEFEREG pre-programmed procedure m fhe statistical analysis package SAS that 
perfonns analyses with c^tisored values. 

An advantage of the Imear regression method d^cdl^d above is that quantitative data 
about chan^ in pathogm load can be studied becaise Imogen load is considered as a 
35 continuous variable. This therefore tafc^ into account the maximum amoimt of 

information present in -flie data* Estimates are corrected for covariales in the model (for 
example, b^fcground regimen) and therefore, do not suffer from imbalances in the 
covariates. Conclusions are limited to patients with covaiiates that are represented in 
the dataset in the cUnical respmse database. 



wo 2005/086061 



PCT/EP2005/050888 



-9- 

Other baseline charaoteristics may be added to Hie linear regression if relevant, 
resulting in the addition of new tons in the eguaticm given ^ove. Examples of 
additional basdlme chatacteristics Include the total duration of tbe pi^oas treatment, 
and the time at which freatments were administered For example, estm^lee! can be 
5 connected for duration by aikSng a term p4(Owration) in the model equation given 
above. 

Furtiiiennore, additional fectons may be taken into account, includiiig sensitivity scojb 
per drag cl^s (in addition to Ite overall sensitivity scone of Ibe backgrouiKi treatment: 
10 previoi]^ e^cposure to the dojg (naSve: Yes or No; naive to protease ihhibitoors: 

Yes or No; n^e to niK3eM>tida RT Miibitots: Yes or No; and so on). Furftier examples 
will be clear to those of skill in Ae art, 

A quadratic term for the cPS S may be added to fhe model 

15 

The fold change resistance may be transformed before pittting it into flie model. For 
example a power transfornmtion ranging framFCT^ toFtf may be performed on the 
fold change. 

20 Accordingly^ a mote general form of tiie equation presented above may be expr^sed 
as: 

25 wherein p is a powo: transformation (e^. tangii^ from *3 to 1 ) and H5 to Hn are 

treatment history parametsers (e.g. naSve to antbrelroviral therapy, narve to NRTI 
treataent, eta „,) or parameters desKjribing tiie backgroiaid therapy as a fiinction of a 
ceatain therapeutic class (e.g. the nupmber of active NRTTs taken concomftandy with the 
drug under investigation). 

30 

An exanqple of cbatac^ristics of aoalysis datasels (8 w^k outcome) £»r mdividiud 
dro^ are in fhe following form: 





Ran$rc (Dru^) 


Median Basetme Viral Load (log) 


3-32 (TDF)-4.71 (boosted IDV) 


Median background cPSS 


04CddC)-2^8(LFVft) 


# regimens including the dmg 


24 (unboosted APV) - 1551 (3TC) 


% ftom cohort data 


21% (unboosted AJPV) - 83% (ddl-EC) 


% with no resistance mutations 


14,5% (boosted APV) - 75% (EFV) 
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As stated above, the clMcai cut-ofife det^ixnine the fold change resistance with a 
diimmshed predicted cUmcal rehouse to drag. In an alternative to merely classifying 
paftogetis as sensitive or r^stant, flie meifaod of this aspect of the invention jffeferably 
incorporate three dassificatbns^ namely "tsendtive" associated iTvith mssmmn 
5 response to drug tiierapy, "intermedjaUs", associated wfh reduced, but still significant 
lesponse to drug therapy, and ""reststanf \ associated with little if any response to drug 
therapy. For cxampl^^ by one set of definitions relevait for HIV response, "sensitive" 
may be cls^sified as a predicted pathogen lo^ drop of more than about 0,6 logs, 
"intermediate resistance" be classified as a iHtedicted pathogen load drop of 
10 between about 0.2 and about 0,6 logs and '"tesistanT may be clashed as a predicted 
pa£hog^ load drop of less than about 0,2 lo^ In anotl^ set of definitkii^, "sensitive" 
n^be classified as a predicted pathogen load drop of betw^ £dbout 0.5 logs and 1.0 
Ic^ Cut-offs calculated usmg these definitions are big^y dqpendant on covariates. 

15 In a finther prefetred embodiment of the invaoLtion, the cut-off fold change resistance 
value is calculated by reference to the probability of the pathogen being susoq>tible to 
treatment by the dmg for the patient, herein termed Prob of success. In such a methodL, 
Prob of success is pi^ferably calculated by performing a logistic tegte^ion analysis 
using data fix>m a clinical response datas^, wherein Proh of success is modelled 

20 according to the following ecjuation: 
Pmbof 

• success ' ";y • ' . 



The terms in the equation are the same as those d^K^bed above for the embodiment of 
25 tte invention described above. 

this method of logistic regression does not suffo: £tom the censoring problem 
described above far the Imssr regression modeL Furthermore, the probability of success 
is an intuitive way of interpreting clinical outoime. One disadvantage is that by 
30 classifying the pathogen load into success^ and feilures, part of the information of the 
continuous vadabk pathogen load is lost 

Hstimates ms^r also be correct^ &r covaiiates as fbr linear regression. 

35 Again, like the method of the first described embodiment of the invention, the method 
of secmd described embodiment also pre£^bly incorpor^s the three deifications, 
sessftive, intmnediate lesisfmit and resistant On the basis that the maximmn effect is 
defined as treattvott dSfect at a fold changie resistance of approximately 1 fold 
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change or the fold change demoBsttated by wild type viral isolates from patients, and 
the inmimum effect is defiued as the treatment effect at a very high fold chaoge 
le^stance (ia when 1b& curve reaches a plateau)^ ^ "effect tang^'' is the dilSfeiesce 
between tterpaxiggmefifectaffiltfici^^ 
5 defined bs the treatment effect at fold change r^stance ctf between about 0 J and about 
12 fold chaaige resistance. 

Preferably, a **seBsitfve" gaiotype is classified as a predicted teatoent effect of more 
tiban about 78-85% of ftie efifect range, ll^referably, "Intennediate icsistanr as classified 
10 as apredic^ treatment effect of between about 15-25% and about 75-85% of flie 

efifect range. Preferably, **E^stanr is classdtSed as a i^edicted treatment efifect of l^s 
than about 15-25% of the effect mnge. Cut-offs {^culated using this mefhod are less 
dependent on covariates than the mefiiod described earlier which uses predicted 
pathogen load drops. However, the effect range will vary for different covariates. 

15 

With this ^ppioach, two cal0£& per drug are identified: a ""lowei:" cutoff which 

represents the fold change at which the response begjbcis to be lost, and an ''upper" 
cutoff which rqpr^^ts the fold clmnge at whicb the r^pon^ is essentially gone- 

20 the lower and v^pper c^of & may be defined as the fold change with expected log ^dral 
load diops of >Q*6 and <0^ respectively. 

The lower and i2^er cutoflfe may be defined as the fold ch^ge associated wilb an 
e^qiected 20% and 80% decrease respectively of the reference activity of the drug 
25 withtntt^reghnen. 

Acxordmgly, a first definition (definition 1) of lower and T^er cutoffs are the fold 
changes with expected log viral load drops of >0*6 and <0.2 respectivrfy. 

30 A second deSnitm (^finitbn 2) of Ibe lower and higiher cutoff are the fold change 
associated with an expected 20% and 80% dtecre^ i^ecttvely of foe lefeience 
activity of the drug wtlbin the regimen. 

A tWrd definition (definition 3) of the cut-off is tiie fold change that most optimally 
35 distinguii^ed betweoi patiente with successfiil and unmiccessfiil treatments. 

In one embodiment of the invention^ definition 1 is applied for Tenofovir on a 
peculation taking two active dru^ besides t^ofovir and with a baseline Lo^Vl) of 4, 
gives an predicted drop in fog viral load of -^0.6 at fold change 3 J3* 
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If defiBitM>n 2 is applied on the linear i^gression model, the predicted drop in log viral 
bad may be -1.48 at fold chatige 1, and -0^8 at the maximum fold chan^. Therefore 
the effect range may be -«.28 4-1.48 === 1.2. 2(>%0fthKeffearan@awasc*serveda^ 
fold chai2^ 5 (and this value was coosidefed as the i^pper clinical cut-off value). SWo 
of the effect mn^ was observed at fold chao^ 125 (and this vatae was considered as 
the lower clinical cut-off value). 

For thfe embodiment, when tte FC of parentis 0.8 (below the lower clinical cut^fiO. a 
normal clinical response is prodictrf. If the FCoffte patient fe 2 (above the lower 
cHnical cot-offand below fee upper clinicat GUt<<rB), a reduced clinical response is 
predated If the FC is 7 (above the clinical cat-^rH)^ then fee clinical lesponse is 
predicted as being mininial 

In an embodiment when definition 2 is ^plie4 and fee logistic model is used for 
trajofovir, a lower ct^-off at 1.2 FC airi a higher cut-off at 3.81 m are de^edonined. 

The following table depicts a number of embodiments of the invention for tenofovir for 
a population wife 2 active drugs in the regimen and a baseline hogVL) of 4. 



Definition of 
Ciitiical 
cutoff 



Oe^mtion 2 



Subgroup 2 
Sutfgroup 3 
Overati 



Prwrtles of the subaot^ 



Subgroup 1 PSS=2, basem& Log{\/t} = 4 
Subgroup Zf^^^^ Jbasefine iMgiVL) = 4 

Subgroup 3 ^SS^ bas^ne ljog(\^ « 6 
Overall 



Subgroup 1 p5S=2, bs^Itne Log(VL) = 4 
Subgroup 2 PSS^O, baseSne Log(VL) ^ 4 
Sat^P0(4> apsSte?, base^ Ljog{VQ ^5 
OveraB 



Subgroup 1 PSS^, baselin& Log(\/Q =^4 



PSS^O, 6ase/ff70 Log(VL) = 4 
PSS=^2, baseitie Lo^L} « 5 



Lower Ngher 
CO CO 



3.73 
1.68 



limit 
NA 



t.25 
1.25 



1.1 

11 
1.1 
1.1 



limit 

3,a 



J[mlt 
NA 



CO 



Higher 
CO 



s 

5 
6 
5 



6 

5 
5 
6 



NA 
NA 

NA 
NA 



1.2 
1,1s 
1.17 

^EA 



1.2 
1.2 

1.2 
1^ 



NA 
NA 

NA 

NA 



a.8i 

3.36 
3.4 
NA 



3,81 
3.36 
3.4 
NA 



Tree 

Lower Higher 
CO <x> 



NA 
NA 

NA 
NA 



NA 
NA 
NA 
NA 



1.15 
115 
116 
115 



20 



f^JA: Hot Appifcabfe 



NA 
NA 

NA 

NA 



NA 
NA 
NA 
NA 



NA 
NA 
NA 
NA 
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In a further embodimeBt, applying definition 1 on the linear agression model for 
patients with a log baseline viral load of 5 aod all patients taking two active drugs in 
additkm to d4T(stavudineX ^ load drcp of moie than 0,6 log copiesAnL for any 
fold change of d4T is predicted. Hie viml load drop is indicted to be -0.6 logs and - 
5 0.2 bgs at Md changes Z6 and 4.0 ftsrpatients with a log baselijie viral kmd of S and 
takmg no active dmgs in addition to d4T. 

In another embodiment, lower and upper catofft predicted tising definition 2 for 
lopinavirA are 8 and 69 respectively for the whole pcspnlation if vital load is modeled 
10 leing linear xe^ssdon, ami the hm&L and upp^ cuttoj^ are 1 1 and 64, 1 0 and 60, and 9 
amiSSr^E^ivefyforpqpidatbis wili of 4/2, 5/0 

and respectively if the Mlure lalB is modeled nsing log^ic regression. 

In another embodiment, lower and upper cuto^ determined using definition 2 for 
15 boc^ted saquinavir for fte logistic mc^I are U and 132^ and L7 and 12^ 

respectively for populations with log baseline viral load/pboiolypic sensttivity sxxs^e for 
lire background regfmen o£ 4/2 mi 5/0 xesgpectively. In the same circumstances lower 
and upper cutoflfe by Hnear regcession for saquiaviiyi: are L6 and 12.3 r^pectively for 
the whole population. 

20 

Tte following table shows a number of ^nbodiments modsiRed using a preliminary 
linear legre^on soialysis and definion 2: 



DRUG 


VIROLO<^C RESPONSi 


Basellna FC for 20% 
REOUCTiON of 
responseOower cutoff) 


Baseline FC for 80% 
REDUCTION of response 
{upper cutoff) 


AZT zidovudine 




17 [10-251 


3TC lanrwtidine 


1.1 M 1-1^1 


2,6 11,9-4.61 


D4T stavudlne 


13 [1.2-1 .4] 


3.4(3.1-3.61 


M dl(iaiK)sine 
(extended retease) 


1.311^^1*9] 


3.6 [2.8^.9] 


ABC abacavir 


16 [11-2.61 


6-8 [17-7.41 


TDFTenofovh- 


12 [11-15] 


2.5 [17-3.8] 


IDV indinavir 


12 [11-19] 


3.4 [19-16.41 


iVD/r Indlnavit/r 


3.5 [11-8.41 


25118-311 


NFV nelflnavir 


11 rii-13] 


2.2 J1.7-5,3| 


SQV saquinavir 


iirii-2j] 


2.0 {1-7-^181 
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DRUG 


VIROLOGJC RESPONSE 


Baseline FC for 20% 
REDUCTION of 
responseCfower cutoff) 


Baseline FC for 80% 
REDUCTION of response 
{upper cutoff) 


SCMrSaauina^^i/r 


1.6 f1.3-4.81 


12K.8-27I 


AMP amprenavl^ 


1.2 li,U2A] 


3.4f1.7-10.2l 


AMPfr amprenavlr/r 


i.6ri.2-2.6I 


6l8 f3.6-10.Sl 


LPV/rloptnavir/r 


6.9 [2.1-^17.4] 





Tbs values between bracfcets in tiie table are 4e 90% confidence limits as detanined 
by bootettaiqnng. 



In another embodiment, lower cHnical cutoffs modelled using definition 2 after 8 creeks 
were 1,1 to 1.2 for unboosted Pis, and upper clinical cutofifs were 3,0- 3.4 for 
unboosted Hs. Clinical cutofife fiba- boosted Pis w«e higher: lower CCO - i ,5 -6S and 
Bliper ceo 6.8-56. 

In an example for D4T the linear c^jBssbn model comiHises: 

PLdn^ = 2.91 - OMLog(BaseUaeVL) - l.66(F(f^) ~ 0.99(cP^ + 0.15(cPSS^) 

Tbe coeffidems in Ibe linear regression model were qaculated using PRCXI UEEREG. 

The NRTI[naive] value represents whether flie patient is n^e to nucleoside RT 
inhibitors. If yes, value =1, if no, value ==0, The PSS[NRTI} represents thephenotypic 
sensitivity score for NRTts, i.e liie number of active NRHs in Ibe background reginien 
ftrflie patient 

When Log(BaselineVL) = 4, lower refeijence fold cbange =0.9 and upper reference fbM 
change=3, cPSS=^, PSS[NRTI]=1 and NRn[naIve>=d, the modeUed lower and upper 
CXX)s are modeled as 1.1 and 2J2 respectively using definition 2. 

In another ejcan^le, the linear regr^sion model is ^ppikd to an 8 week vital IcHid 
response and modeUed as a fonction of baseline phenotypic resistance. The sid>fects 
may have a log baseline viral load = 40 and a cPSS score for flie backgtound regimen 
ofZO. 

la a fhrther preferred embodiment of tbe invention, Uie cut-off fold change resistance 
valoe is calculalBd by constant a cbssifieation tree in iMto 
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likBlflioodofapadent having an mdelB^ ^ 
particular dnig, as a success or a feitaie. Hds melhodology constracte tree-stmctarcd 
rales in order to classify patients as success^ (undetectable paflmgen load after 
treatment) and feilures. For example, for a virus an undetectable patbogen load could 
be defined as a viral load of less than 400 viral copies per ml. Such a classificatkm tree 
has the advantage that it is veiy visual and easy to interpret, although it sui^ flom the 
tamtationthat Ae dedstons do not take into account the value of certain other retevant 
paramel^. Inibelaaces for sndi paiamefefs may therefore m&vmco the decision taken 
fiHraceriainparameter. However, such teeesprovidB insights into flie ingjorlance of 
several parameters and Ibis can be hdpM in the flttiagpro^ 
lo^tic Impassion iqpnaches draofljed above. 

The classification tese poses queries, in wUch fte answer t» each query results in either 
the left or fl« ri^ blanch of ii«s tree being lafan at ea(A sia^^ 
query may preferably consider the fold change resistance of thepafljog^ genotype 1o 
the drug in question e.g. is fold change for the drug TDF (tenofowr) < 135? If yes, the 
left branch is taken, if no the light branch is taksn. As with the me&ods of the asp^ 
of the invention described previously, the other factors queried mdude the log baseline 
pafiioggn load and tfie phenotypic sensitivity score. The numbers at the termini of tbe 
final brandies i^iesentflwreqwnse rate (1 = 100% response). Bxainples of 
classification trees accoidii^ to fibe invention are provided in Figo^ 

in m embodiment of tiife invention, the clinical cutoff is ^fined as the fold change 
resistance threshold value that makes the best distinction between successfiil and 
laisuccessM treatments ie. tbemostsaitable value posed in the query that bifurcates 
the tree mto the left and right branches. The p^ulation is thus split into two subgroiqjs: 
25 one with a high success rate and one wifli a low success rate. The clinical cut-off is 

chosen as the fold changetemakBsAediflference between the two gioaps as 

possible. 

Preferably, two or afl three of the me&ods of the abovenlescribed embodimenls of the 
mvention are performed for each dalaset and candidate dmg. The clinical cnt-offls can 

in this manner be calculated for each of the appmaches. From tbe analysis results, the 
most appropriate values for low and hi^er cut-offe are selected, taking into account 
file advantages and the disadvantages of flie separate approaches. This selection win 
only be made if the results of the approaches are consistent or if possible 
inconsistencies can be eicplained. If ftere axe unescplained inconsistencies between the 

results, ft can be concludedfiiat more data need to be gaflieredbeforeaclioical cut-off 
csui be detenoined. 



20 



30 



35 
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For example if the results of tiie diferent approaches are consistent (preferably clinical 
cut-off dififecedce < OJ) ftai ft© predictions are deetned to be consistent If tie results 
differ more ftan flial, flie dis^iarities need to be explained. For emnple, if we sigxpose 
that the population contains 90% ceosoied vataes and fbe linear regression gives a 
5 clinical cut-off of 0.9 while the logistic regressdon gives a clinical cat-off of 3.5, then in 
this example the linear regression results are less reliable because too much collection 
has to be made for censoring and there is too EtOe information conttifanted by 
"complete" observaficHis. 

The models may be validated using bootstrapping or by repeating IIhj described step^ 
10 several times. 

jUtetnativefy, Ifae modd msqr be iraHdaledby calcwlating a a 

(HarreURR, UeKLL. andMaifcD3.>MuItirariaiblepn>g^ 
developing models, evaluating assumptions and adequacy, andmeasnring and reducing 
errora - Statist Med 1996; 15:361-387) which describes how an the models can 
15 discriminate between patients with a dififereot response. 

This c-index may be calculated on the data set ijsed fer mode! development and on a 
tother test data set. If fiie difference between the two c-indices is small, it means tbat 
the models do not lose their predictive ability if ^5»lied to new data. 

Further fectors v*ich m^ be taloen into account when validating flie model are flie 
20 odds ratios detem^ied using cKnical cutoffi compared to those determined using 

Hological cutoffi. These ratios represent the odds of being a responder in the group fbat 
is labeled resistant by the cutof& divided by the odds of being a responder in the group 
that is labeled sensitive by the cutoffe. hi this way it is possible to evaluate how wefl 
the CQtofSi perform on a drug by drug basis. The &rther away that the odds ratio is 
25 fi»nil,4e stronger the CQ!idatiottbetweenfteiesistaiK»c^ 

The odds ratio as specified above yield nrambera smaller flian 1 as the od(b of beinga 
responder should be smaDer m the higher resistance class. Put another w^, the 
probabiKty of response will decrease as the resistance increases. Additionally, if the 
odds ratio for the CCO is smaller than the odds mtio for the BCO, it can be conciuded 
30 tiiatfte CCO is stronger coirclated with clinical outcome and therefore gives abetter 
prediction fhan the BCO. 

It is also possible to study the difference in response rate for patients taking 1 active 
drug niore vs. patients taking one active drug less. This, different type of odds ratio is 
the ratio of odds of response for people takmg more active dmgs over tiie odds for 
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people taking less active drugs. In this case, the odds ratio should be > 1 as the 
ptobaibility of respoitse w21 increase as flie tmniber of active drugs taken increases. In 
Ibis case, a larger odds lado indicate a etom^r conelatiQit with climcal outcome. Ea 
<^edatas^ using the CCCte set out oii page 36 heEeiii,1te odds ratio &ries^^ 
5 addMonal active drag added was 3.01 whoi caktilafed using cfitakal culaffe, aM 232 
wk^ calcdbted issing biological cutoffs. 

A b^stic re^ssion model majr be usffll to detemtine the odds latia The model used is 
the same as the lc#5tic tegtes^ion model described above except that the fold cimge in 
the model is replaced by die resistaooe class. The coefSd^t &r the lesistance c^s 

10 that is obtained from the model is flie log (odds ratio). The advantage of using this 

model is that the odds ratio estimates can be adji^ted im the baseline viral load and the 
cPSS score of the background mgimeiL 

A nuniber of emIxKfiments are shown in tte foU^ 

lower and upper cutoflfe with confidence intervals modelled using definition 2 and a 
1 S linear regression model for sevetd dm^ and validated using C-lndioes, and CCO odds 
ratios. 



Drug 


ModOkiLawar CSutoffA 
95% Cm^dmee LtierwU 


Modi^ tapper Cutoff & 
95% fJoj^Hdmce Itttaval 


AZT 


IS [1.52-2.76} 


14.4 [8.24-21.20] 


3TC 


LI [0.98- 139] 


^' 3.7 [1.71-11.44] 


B4T 


1.1 [LOS -U2] 


2.2 [2.05 -2.30} 


DDIE 


L5 [1,07-1.34] 


3.0 [2.59 - 2.96} 


ABC 


O.B [0.75 -1.72] 


1.2 [1.19-5.11] 


TDF 


1.0 [0,97-1.32] 


2.0 [1.51-2,95] 


NVP 


1.5 [1.40-16.74] 


3.2 [2.22-63.06] 


EFV 


1.8 [1.41 -3.74] 


29.2 [6.46- 146.69] 


mv 


0.8 [0.77 -L04] 


2.2 [1.33 -7.19] 


mv/r 


4.1 [0.77 -6J4J 


21.2 [1.41 -22.86] 


APV 


0.7 [0.65 -0.87] 


1.4 [1.03 -5.55] 


APV/r 


0.9 [0.80 -2.72] 


6.5 [4.06- 16.22] 


NFV 


1.0 [0.97 -1.03] 


1.5 [1.54 - 2.38] 


SQV 


0.7[0.65-2J8] 


1.0 [1.03 -22.61] 


SQV/r 


LI [0,81-5.98] 


12.0 [4.50-28.85] 


LPV/r 


10.3 [1.53-17.30] 


6L6 [21.92 -66.96} 
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The methods of the invention can be repeated for each possible drug or thempeutic 
agent known or suspected to be assocbd^ with di^ese maistance, or towaris which a 
resdstanoe can be e3tpected to appear. As such, accofding to another embodiment of tl^ 
iuv^itioii, flie clinic^ cut-ofife g^erafed can be pr^enfed as a list of cut-offs ag^iiM or 
5 IB i^ect of individual drugs or individual therapeutic agents, for each parogen. 

M used berem, the ferm ''drug" include, but is not hmited to, a pharmaceotical, 
bacterfcide, fui^cide^ antibiotic, or anticancer, antrvital, astihbacterial anti-fimgal, 
anti^aiBsftic^ or any ofiier compouxKi or composition that can be used in Ibet^y or 
therapeutic treatment 

10 A "patient" be any oiganism, particularly a human or oflier mammal, suffering 
ftoma disease or in Med oar desiie of treatoMtfer a disease, Apatient indudes any 
mammal, including farm animate or pets, and inctad^ humaos of aiqr age or state of 
development A group of i^tiests u^M to estabHsh la^tment lesjKMi^ as a fimction of 
the distribution of fold change resistance may be as low as 10 to 50 patients, 50 to 500 

15 patients, or, more preferably, wffl comprise a population of 500 or more patients. The 
distribation fold change resistances can be a normal astribution (Gaussian distribution) 
or can be a non-normal distribution. Tte nom-n<Hmal distribution may be transformed 
to obtain a ni»mai distdbutioa 

The patient samples may be ftom treatment saave or treatment e3q>eri€aiced subjecte, 
20 wiSi or without r^isfance to one or more drugs. 

As used herein, the term "disease^' refers to a disease caused by tniectkm with a 
pa&ogen. Uie term "pattogen", as i^edlierein, is med broadly and refers not just to 
pathogenic micioorganisms, but includes any diseas^causkg agent Examples include 
b^otm, vhuses such as human immunodeficiency virus (HTV), hepatitis C (HCV) or 
25 hfipatitis B (HBV), prions, algae, fimgi, protoJKoa and malignaat ceHs. This invention is 
partioilarly useful fiar viial diseases such as HIV. 

A ''i^ient sample" is herein define as any san^le obt^ed from an individual 
suffering fiom or predicted to be suffering ftom a disease (^sed by a parogen, and 
includes tissues such as blood, s^um plasma, urine, ^va, semen, breast miiv feeces, 
30 muco«is samples, cells in ceH cultmB, c^lls which m^ be fijtflier culteed, biopsy 

^ples and so on. In one embodiment; for a patient infected with HIV, any biotogical 
sample-containing virus may be used. Of ibis patient sample, the patiiogCT iteelf may 
be used or alternatively a protdn, or nucleic acid derived fix>m the pathogen. 
Preferably, the pathogen is a virus, such as a retrovirus. Pj^ferably the biotogical 
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sample contaiBS a vims chosea ftom HIV, HCV (Hepatitis C Ykm) and HBV 
(Hepatitis B virusX to another embodiment, for a cancer patient, tke patient sample 
may contain cells, tissue cells, mulated ceBs, inatigaant cells, cancear cells, whole or 
partial Ixtmoursi, Iribpsy tisaie, etc. Preferably, the i^fbogen is a malignant cell- A 
5 "reference sample*^ is defined as a standard lal^jratoiy telbrence pathogen such as^ for 
example, inllie c^se of HIV, the HIV LAI niB strain. One stxain generally used ^ Ibe 
xefemice *'wild type" sequence for HIV is HXB2. This viral ^ome comprises 9718 
bp and has an accession nmnber in Genbank at NCBI M38432 or K03455 (gi numben 
327742), Reference or wild type sequences for use in the invention in the field of 
10 specific diseases, infections or diseases caused by ^ecific patho^ns can be easily 
obtained fimn publicly available databases. 

''Susceptibility" or "sensitivity" to a dmg refers to the edacity of the disease^ and/c^ 
pathogen to be affc^ed by the drug, "Resistance" refers to the degree to which the 
dfcease and/or padiogen is una:g^::1ed by the drug. The s^itivity, susceptibility or 

15 iesistanj(^ of a disease towards a dmgmay bo expressed by means of an IC^ value. The 
IC50 value is flie ccmcetrtiation at wMch a pven drug res^ in a nstoction of the 
pathogen^s growth compared to liie growfli of the pathogen in the absence of a drug. 
Resistance of a disease to a dmg may be cmised by alterations in phenotype or 
genotype* Genotypic alterationB include mutationsj single nucleotide polymoiphisms, 

20 miorosatellite variations, amJ/or epi^etic varbtions such as methylatioa Pbenotypic 
variations m^be efiEected by genotypic variatioi^s or by post-translatioml 
modtficalion. 

Any method enable of measuring changes in the ability of a pa&ogen to grow in the 
presence of a dnig(s) can be used in the method of tiie present invention. Such methods 
25 of phenotyping include all mefiiods known to persons of skill in the art Known 
genotypmg methods may also be applicable. 

For example, and by way of illustration, methods for phenotyping bacteria suitable for 
use in the preset invention include^, but are not limited to, measurement of inhibitory 
worn dtoeters (see, e.g*, Guonnng et al. Sex Tmnsm, Dis* 27 (2) : 115-8 (2000)), 
30 cotorim^c indicator methods (see, e.g., Lozano-Chiu et al^ Diagti Microbiol Infect 
Dis, 1998 Jal;31(3):417-'24), and broth macrodilution method (see, e.g^ Iweaa ^ oL, L 
Clin. Microbiol 34 (7) : 1779-83 (19%)). 

As an additional illustrative example, methods for plienotypmg pathogens suitable for 
use in the pn^nt Inv^tion include^ but ate not limits to^ plaque reduction assays, 
35 PBMC p24 growth inhibition aSKiys (see, e.&, J^joor et oL^ Antimicrob Agents 
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CJheiaother. 1993 May;3 7(5): 1(^5-101; Ki^imi et al, J. ViioL 66 : 875-885 (1992)), 
iscKnnbmaiit wus assays (see, e-g., KeDam & Larder, Antimicrob, Agents Chemother. 
3S : 23-30 (1994); and Pauwds et oL^ 2nd Mmta&msi Worlcshop on MV Drug 
Kesktance aad Treatmoit Strategfes^ Lake Maggioie, Baly. Abstr. 51 (1998)); tiie use 
5 of (aPP as a maxker to assess the sua^eptlhiliiy of aiiti-viral hihibilors (ManK^hall et al , 
Institute of CUn. and MoL Virol^ University of ErlangerNutemberg, ScWobgarton, 
Gmnany); and cell cultuie assays (Ifayden etoL^^. Sig. X Med 321 : 1696-702 
(1989)). 

Hiough the inveirtion may be ised wife any phcnotype or genotype m^uzjug or 

10 a^say that detemimes resistance, the following descadptkms are design^ to d^erS^ 
farther possible applications of tte inventicHL 

In one embodnoent, the clinkal cut-off valnes tnay be used in cotic^mth dinsct 
phenotype assays, for example, Antiviiogram™ (Virco, Inc-; WO 97/27480, US 
6,221,578)* This assay is aph^otypic resistance assay that measures, in comroHed 
15 laboratory condition, tie level of lesistance of the HIV draved from an individual 

patient to each of the anti-HIV dm^ curr^dy available. Hie resistant *1)ehaviour^ of 
the virus may be the eonibii^ resadt of the effects of m any different mutations and the 
ccmiplex ktecactioDs between them, iiicluding genetic changes Hiat have not even been 
idbitified yet In other wor^, it is a direct mc^usuie of lesistance, 

20 The^jtest provides a quantitative measure of viral resistance to all the available dnigs. 
This is e»]^i^ in terms of flie ICa)- This is then compared to the ICjofor fidly 
sensitive^ non-mutated **wild-typ^ virus. The resistance of the sampled vims to each 
drag is tten e?cpiessed in terms of a fold-change in IC50 conipaied to wBd type. 

The addition of "clinical cut-offs" as described in fliis appEcation, to the report enables 
25 physicians to identify the dm^s) that are no longer clinically active and helps im the 
j^leqtibn of the opting combination of dru^ £xr tii^ individiml patient, .hn one 
embodunent, the method of &e pr^ent invention concons a diagnostic tool for 

determining the resistance of a patient to at least one HIV drug comprfeing the clinical 
cut*off fold change resistance value for said at least one drug as detetminM herein. The 
30 diagn(^tic tool includes pheaotypic resistance tests such as the Antivirogram®^ 
VirtualPhenotyping® and Phenosense* 

The invention includes methods to itetetimne msistance towards HIV con^pouncfei such 
as tenofovir, loimiavir, and those confounds diseased in WQ99/67417, EP-A-945443 
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and WOOO/27825. Other exan^^les of drugs will be well known to those of skill in the 

In one embodhnent the effect of drugs on HBV niay be monitored using technologies 
such as disclosed by Isom etal, (WO 99/37821, Itelaney et al, Anthnicrob* Agents 
5 Caemotherap, 2001, 45 (6) 17054713). 

In one embodiment the effect of drags on HCV towards ther^y msy be determined 
using techniques such as described by Eioe (WO 97108310, WO 98/39031) and 
Barthensdhkger(EP 1043399). 

The primary aim of the invention is to prolict the resistance of a disease to a particular 
10 drag. In addition, however, the invention eiKJonjgp^ses metfaotb of evaluating cunently 
applied drugs and thus monitoring these dm^ with a view to asses^ng the 
effectiveness of Umi drug and proposing alternative dnigCs) or optimizing the dmg if 
deeiBsd appropriate. Such mefliods involve obtaining a sample containing a disease- 
causing pathog^ fixmi a patient, aiKl then perfiinning the described in any one or 
15 nKMce of tte eaxibodinients of the inventian described above. 

It will be apparent to the skilled rea^ter lhat while the invention has been described in 
the below examples witti respect to viruses, particularly HIV^ the piesent invention has 
broadappHcability to any disease state whete it is desit^to cotrelate genotypic 
infoEmation wiffa phenotypb profiles and ass^ ^ tbr^hoM at which a fi>ld change 

20 resistance is cfinicaDy sigoifkant One skilled in &e art could i^eadily lake the 

foDowing dkcussion of tte invention with the HIV virus and throu]^ the exercke of 
routine skiU apply this invention to other diseases (such as oth^ viral infections, 
malignant cells^ cancer, bacterial infections, other pathogens^ and the like) to c^melate 
genotj^ic infom^tion to predict phenotypic response, assess drug resistance, and 

25 eventualtjr develop a tteatment regime of dm^ for a particular patimt One skilled m 
tte art win also know lhat many virus sp^ies comprise many strains; fbrit^rlance, HIV 
conprki^ HIV-2 in Edition to HIV*1 and 1h>0i gioips are further divided into groups 
(sudi as groups O and M £>r HIV-1). 

The above methc^ are diagnostic metlmds. Further aspects of tte invention provide 
30 diagnostic Mts for performing any one of the diagiKi^c method^ of flie inv^on 
described above. The invention fiirther rel^ies to a Jagnostk ^stem as herein 
d^cribed &r use ia any of the above dumbed methods. 



According to another embodhnent, the present invention relate to a diagnostic 
system &r predicting clmi<^ response to a drug of a disease cmismg pathogen 
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coimprismg: a) means &r obtainiiig a genetic sequence of the dis^o producing 
pa&og^ h) meaos for id^fymg at least one mutadom hx the g^n^ sequeiice of the 
disease producitg patboget^ c) genotype database means campdsing genotype entries; 
d) phenol}!!^ dal^base means con^fising phenotypes of patient &ld chai^ response 
5 values; e) clinical iBsponse datetoe nc^ans comprising clinical tessxsi:^ to drag 
treattnent data for leference san5)Ie patients; f) correlation means correlating a 
genotype entry with a phenotype, where the genotype entry cocrcsponds with the 
obtained genetic sequence of the disease producing pathogen; g) means for modeling 
clinical response to a drug of the disease causing pathogen by detenmning whether the 
10 patient t>M change f^ponse is above a cut-off value, wh^^ tine cat-off vabe is 

detenmned using the clinical x^poose database means and comptises the fold change 
response value at which a clinicaify rdevanl dimin^ed cHokal re^K»ise is observed; 
and h) means for predicting the clinical response to a drug of a disease by deterrnining 
whether the patient fold change response is above the cut-off value. 

15 As desoibed above, the cut-off value is detenmned as a function of treatmesit response 
data in treated subjects, considering baseline pathogen load, b^eline fold dhange 
re^stance, baseline activity of co-adnnnistered dmgs targeted to the pathogen, and 
treatnKmt history. The means fer pr^cting the resistance are preferably computer 
means. 

20 A stiB flirflier aspect of the invention relates to a con^uter ^paratus or computer-basoi 
system ad^ted to periotm any one of the methods of the invention described above. 

In a preforred embodim^ of the invention, said aDmputer Bpj^sxstixis may comprise a 
processor means incorporating a memory means adapted for storing data; means for 
inputting data relating to the genotjpe exhibited by a particular disease causing 
25 pathogen; and computer software meaas stored in said computer memory that is 

adapted to perform a method according to any one of the embodiments of the invention 
described above and ou^ut a prediction of the resistance of a disease causing pathogen 
toward a drug. 

A computer system of this aspect of the invention imy coHp:ise a central processing 
30 unit; an input device for inputting requests; an ou^ut device; a memory; and at least 
one bus connecting flie central processing unit, the memory, the input device and the 
output device. The memory should store a module that is cotifigured so fliat upon 
rosdving arcqaest to model the response to a drug of a disease causing jmthogert, it 
performs the j^s listed in any one of the method of the inv^tion descril^d above. 
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In tho ai^atus and systems of th^e emtoodimeots of tiie invi^tion, data may be input 
by downlosdmg fhe dala from a 

alternatively fit>in a temote sate acxsessed owr a nelwark sucb as the internet Data may 
beii9iitbykg;pboa3:d, ifiequired 

5 The generated lesults may be output in my convenient format, for example, to a 

printer, a word processing pr<^ratn, a graphics viewing program or to a screen display 
device. Other convetuent focmafs will be apparent to the sidlled readK*. 

The means adapted to predict the resistance of a disease causing agent to a drug will 
preferably compos computer softw^ means* As the skilled re^er will appreciate^ 
10 once fte novel and inventive teaching of fiie invention is appteciate4 any number of 
different computer software means may be designed to inotplemmt this teachix^. 

According to a still further aspect of the inventiort, them is provided a computer 
program product for use in conjunction with a computer, said computer program 
coniptisiug a computer readable storage medium and a comjmter program mechanism 
15 embedded fhetetTL, the computo' progtam mechanism conqurising a module &at is 
configured so &at upon receiving a request to predict the resistance of a dis^e to a 
drug, it performs the ste^ listed m any oi^ of Ite methods of the inventton d^crib^ 
atove. 

Tte invention fiuUier relate to systems, computer program products^ busing 
20 methoc^ soTver side aid dient side systems and methods for generating, providing, and 
transmitting the results of the above methods. 

The invention will now be described by way of exan^jle with particular reference to a 
^edfic srystem that inoplements tiie process of flie invection. As the sidlfed reader will 
appreciate, varktions fiom this specifk: ilhisfrated embodiment are of course po^^le 
2S without dq^rtmg from the scope of the inventbn. 

r 

Brief description of the Ftgures 

Figure la: Example of the structure of a clinical dam base used in the present 
invention. 

Pigurelb: Example analysis dataset for d4T. 
30 Figure 2a: Example of linear regression curve showing censored and uncensored 
observations, where log viral load drop is modelled as a &nctk}n of 
baseline fold diange res^tance« 
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FigutBlb: Bxaa^jleofBneart^gKsaoncunreofSwieefcv^ 

fcnctkm of basdiae^ffino^ic lestefanoe fer niideoaide(tide) RT 
inhibitors. 

Figpse 2c: Example of linear legression curve of 8 week viral load tespmse as a 
5 of baseline phenotypicTiesistaije»fc»b^ 

protease inhibitors. 

Figure 2d: Example of change in viral load vs. baseline foM change for tiie NNRTI of 
nevir^>ine(NVF), 

Figate2e: EjKti5)le0fchaag» in viral load mbasdinejfoM change 
10 (EFVX 

Rgu«2fi Dnjg Effect plotted as % response as aBunctiim of Baselmeltes^^ 

nuBleosideCtidc) inhibitors 
Figure 2g: Drug Effect plotted as % response as a Function of Baseline Sesistaace fbr 
boosted and un-boosted Protease Miibitors 
15 F^nreSa: Exan^oflineari^gressdon curve for TOP, where log viral load drop is 

modened as a fimction of baseBne fold change resistance and a 
definition of clinical cut-ofifis ai^Iied. 

Figure 3b: Example of lineariegression curve for d4T, where viral load drop is 

modelled as a function of fold change and a second deSaition of clinical 
20 cnt-ofifis^Iied. 

Figure 4a: Bxanqile of linear regression curve for IDF, where log viral load drop is 
^ ^^wJeHed as aftnction of baseline fold «Aange resistance an^^ 
dc^Bnitbn of clinical att-offis ^fied. 
Figure 4b: trample oflowersid upper cntoffedetenmned using definition 2 for 
25 topinavii/r if vital load is modeled using liiKar regression. 

Figures 4c: Exan^ile of lower and upper cutoffi determined using definition 2 for AZT 
if viral load is modeUed using linear regression. Curve shows fle cbange in 
inrat load vs. the fold diange. 
Figure4d: Example of lower and ui^tercrtnffiidefasrnaned using deM 

if viral load is modelled using Bneariegiessioa Curve shows the % loss of 
reference response vs. the fold cban^ 
Fignre 5a: Example of logistic regression curve for TNF, where probabiKty of feitaie 
is modeUed as a fimction of baseline fold change resistance and a second 
definition of clinical cut-off is applied. 
35 Figure 5b: Exan^leoflower and upper cutoffidetemiined using definition 2 for 
lopinavint if fte ftitare rate is moddlcd using logistic regression. 



30 
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Figure 6: Example of linear regression curve for TOF, where log viral load drop is 

inodteSed d& a function of baseline fold diange les^lance and a third 

deficdtioii of clinical cut-off is implied, 
Figqre 7: Example of logistic regression curve for INF, wliere probability of feitee 

h modelled as a fimctios of baseline fold chao^ resistaace and a liiitd 

definition of clinical cut-off is ^lied. 
Figure 8a: Example of classification tree for TNF, Ttds gives results of the same order 

as the linear and logistic regr^ion methodobgies. 
Figure 8b: Example of classification tree ftjrSTa 

Figpre 8c: Example of cl;^ificatkm tree for TDF assuming that fhe cost of dassi^dng 



a feiled regimen as a success mlJ5 ttm^ the «xKt of cla^iQring a succ^^ 
regimen as a feilme. 



Figure 9: Example of initial validation of prcHminaiy Fi?itoaiPhenotype™ Clinical 

Cutoffs for nuclesidesCtides) and boosted and unboosled protease inhibitors 
by bootstrapping with 90% confideiK^e intervals. 

Example: Process descr^tioa of the dtasterminatioii of cliiucal cutKififs 
Step 1: Qinical Data Base and Analysis Data Set 

Database of studies for patients with teiofbvir contatning regimens and consisting of 
patient baseline demographic char^teristics, clinical outcome r^ts with vird load 
and resistance data (Fold change), were retrieved and rem^ed according to a common 
structure allowing a meta-analysis. The structure consisi^ of baseline sequence, viral 
load data set, viral load measurem^ts and sampling dates (for example wal load 
wifliin 3 months of starting new regimen and viral load a^^smeni 8 and/br 24 weeks 
after beginmng new regimenX CEXt-f ^ta set which contains CD4^ comxts and 
san^jhng dates, resistaiK^ data set contaming the fold changes to different antivirals 
and sampling dates; patient data set with patient mformation such as age, gender, r^e, 
^tment history; txeatraent data set with dmg regimens, start and stop dates, doses, 
formulations, frequency of intaike, regimen changes after resistance tests* The stmcture 
of such a clinical data base can be in ^gate 1 a. The following table shows an 
exanqple of cl^iaGteristics of analysis datasets (8 week outcome) for individual drugs. 



Range (Drug) 



Median Bai^line Viral Load (log) 



3.32 (TDF) - 4,71 (boosted IDV) 



Median baclsgound cPSS 



L34(ddC)-2.58(LPV/r) 



# regimens including the drug 



24 (unboQsted APV) - 1 551 f3TC) 



% from cohort data 



21% (uaboosted APV) - 83% (ddi-EC) 



% with no resistance mixtions 



14.5% (bo(^teiAPV)-75% (EFV) 
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Figure lb shows an eaEainpIe analysis dataset far d4T. The viral load response data 
includes censored C<400 copiesM) values. Parameters of the underiying uncensoisd 
distribution were estimated by maximum likelihood estimation in SAS (proc Maeg). 

5 "Hie vird load response data are c(Miect8dfM: baseline viral load and 
&qf 2: Modelling 

Hw cMcal outcome lesolls (drop in vital load and response rate) were modelled as a 
ftmction ofteffiHne foM chat^ (FQ as d^e^ 

WOOl/79540 and WOQ2/33402; also lit^://ww.yinjolab.com). The models ^lied 
10 weie linear regression, logistic regression, and a classification tree. These models also 
took into account efifects of the concomitant HEV dru^ (PSS), baselbe vital load 
baseline Log(Vl)i) and, optionaUy, treatment bistoiy in order to avoid bias introduced 
by inibalaQces of in5)ortant characteristics. From the models, a prediction of clinic^ 
outcome could be made at dffierent levels of the baseline fold change resistance. 

15 fc&e linear r^ssicmnMdel,fl»p«]|K>sed equation was 1^ 

L<^VLdropi= PO + pl*BaseIiiieLog(Vl>+p2*PSSi+p3*(l/FC^+§ 
where i represented tiie palieal, flie intercept, pi, p 2 and p3 coeffidcnls indicated 

the increase in log viral load drop per unit increase of respectively llie baseUne log VL, 
the number of sensitive drugs in the background legimen and the inverse of the 
20 baseline fold change. ^ was a random error term infficating the deviation of the patient 
.vfiom the value i»edicted by the model. Interactions between aU the fectors were 
evaliated and other baseline dhaimsleristiis, ie treatment history, were added if 
lekfvant. AflMT ^plying flie i^w^on model, fte curve as depicted in Figure 2a was 
obtained. 

25 Exan^ curves showing linear regression models of 8 week viral load response as a 
fimction of teseHne pfaenotypic resistance are slMnni in fignras 2b and 2c. The curves 
shown are for subjects with a log baseline viral load = 4.0 and a cE5SS score for tlie 
background leghnen of 2.0. Figure 2b shows models for nncleoside(tide) RT inhibitors 
(from tc^ to bottom at F06, the respective curves represent d4T; TDF; ddl, EC; ABC; 

30 3TC and AZT). Figure 2c shows models for boosted and unboosted protease inhibitors 
(ftom top to bottom at FO=10 the respective curves represent: top left gr^h - NVP and 
IPV/r; top right graph - IDV and IDV/r; bottom right graph - SQV/t and SQV; bottom 
left gt^b - APVA- rad APV). 

A fimdamental issue with modeling clinical outcome fornon-nucleoside(tide) RT 
35 inhiWtois is that the baseline fold change may have little effect on treatment resiponse 
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to cunent NNRm in NNRTI experienced patients. For the NNRTI of neviripina, 
polarisatimi of fold dtange values is oliserved (see iBgure 2d).Piiifliejmoie, an 
extremely broad diqjeraal of Ibid change values is observed ftw eftvirenz {see 
figa]:e2e). 

5 III apiefened embodim^ of «he linear legressioQ model, more fectors are iocluded in 
ORier to obtain a more wfioedpDedi^ 

feexan^le a sensitivity soMB per dmgdass in addition to <he ovei^ sensitivity score 
of flM background treatment (cPSS), previous exposure to fiie drug (na^ve (Yes/No), 
n^ve to Pis, naive to m.Tl\ etc. ...). Portheimore, in the preferred embodiment, ^ 
10 fold change is transformed before inserting the figures into the model. The 

aansfotmation to the fold change comprises a power-transfotmatibn langbg fiom FCT^ 
toFC^ in a^ion, a quadratic tam in cPSS is preferably added, 

Accoidingjy, a more general form of the equaticm given above may be expressed as: 

wherein p is a power ttansfannation (e.g. ranging from -3 to 1) and Hj to H. are 
treatment Wstray param^eis (ag. naive to antiretroviial therj?)y, naive to NRTI 
tteatment, etc, ...) or parametets descdbing Hie background Iberapy as a ftmction of a 
certain tiunapeatic class (e.g. fl» nmnber of active NRTPs taken concomitanfly with the 
drug under imv^gation). 



20 



Eranqjle curves showing Bnear regre^ion models as calculated usbg this model are 

sihown in I%iies 2f and 2g. Here, ftepreseatation of the d^ 

response is plotiBd, as calcuhled &rfhe preferred CXX> definitton, rafter 
25 . load drop. 

In the logistic legie^aos, the proposed equation was the following: 
Prchof 



30 



a+ejqp(p<, + ^iLog(BaselimVL,) + ^2(PSS,) + ^^(l/FC,))y 



where pi, p2, and p3 r^sesentedlbe log odds ratio of success for flie canef^ponding 
fectots in the model. After applying the logistic regression model, tbs curves as 

departed in Figures 5a and 7 were obtained In the classification trees model, tree- 
structured rules were constructed in order to classify patients in successes (undetectable 
35 viral load after treatment) and failures. The same parameters as for the other techniques 
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were coBstdered The tree shorn m Figure 8 was obtained afto applying the 
clasd£i<^tiaa tree imdel 

When viral load results nnder the detection limits are obtained, biases could be 
introAiced if flic detection limit valu^ are considered when calculating viral load drops 
5 and nsing those in the linear regression model. To avoid this, censoring needed to be 
taken into accoimt and ftierefiM*e the PROC UFEREG facility hi the S AS package was 

An ad^tage of this r^ession model is that it takes into ^connt the maxlmmn 
amoimt of information present in fibe data, Le. correlathig specific chnical responses 

1 0 wffli specific Fold changes while tho other two mocfels clusters tihe patienis in two 

grot^is (success^ versus Mures), thus not taMng into account diflfecences in response 
within the same ffoup. EstonaiesareccHxectedfor covanates in themc^ (e.g, 
background regimen) and thereftae, they do not suffer fcom imbalances in Uk 
covariates. Conclusions are lumted to patients wife covada^ flsat ai« tepi^ented in 

IS the clinical database. 

Logistic regimion does not sufibr ftom fiie cCTsoxing pfoblem and the probability of 
su<xess is an intuitive way of interpreting clinical outcome, Howev^, by binning the 
viial load into siKcesses md failures, part of the information of tiie continuous variable 
vital load is lost fetimates are also corrected for covaiiates as for linear regressioa 

20 Classification trees are veiy visual and easy to interpret, but flhey have lie disadvant^ 
that the decisions do not take into ^bccoxmt the value of otiier relevant paiameters. This 
itnplies that imbalances for other parameters may influence the decision tatm foor a 
c^atain parameter. However, they provide insighte in the importance of seveml 
parameleis and this can be helpfol in the fitting process of the other approaches. 

25 Figires 8a, 8b and 8c show example of classilBcation trees. Figure 8b shows a 
classification taje Smt 3TC, whilst fi^ire 8c shovra a cla^ication tr©Q for TDF 
assuming flmt the cc^t of classifying a foiled regimen as a success is 1 3 times flie cost 
of classifying a successfiil regimen as a &ilure. 

30 SUip 3: Domination of ike dinical eut-affi 

Clinical refuses were predicted in the models developed in previous step 2. The 
^roach is to identify two cutofS per dmg: a "lowca** cutoff which represent the fold 
change at TK*ich the respoise begins to be Ic^ and an **upper'* cutoff which represents 
the fold change at which the response is es^tially gone. In order to determine the fiiM 
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changes at which cliakaUy lele^ dfaninished clinical icsponses cm be observed, 
Ibree defboituns of clinicd cut-af6 

Befinitloa 1: 

Sensitive: predicted viral load drop is mcBB than 0.6 logs. 

Intonediate resistant predicted viralload drop is betweea 0.2 and 0.6 logs. 

Resistant: pijedidedTOal load drop is less than 0.2 1^ 

The lovrer and W^ciitofi&aisdeaicd as the ft»to change with 
bad drops of >0.6 and ^2 respectively. 

IWs definition ofcHnicalcut-ofifaddiessesthepolBncy of an ert^ 

regimen and is dq«ndent on Ihe diaiacteristte 
analysed. 

BefiniUiml: 

The maximiBn efifect was defined as the tueatmert effect at fold change 1, and the 
minimum effect was defined as the treatoentefifect at aveiy foldchangp (le. 
when the curve reached a plateau). The effect rangp was ften the diffetence between 

Hie maxiirmin effect and tibe mimmum effect 

Sensitive: the predicted treatment efiect is mtm tiban 80% of the eflbct tange. 

Inteimediate le^siant: fte predicted treatment eSect is between 20% and 80% of the 

effect range. 

Resistant the predicted Heataient eflbct is less than 20% of fiie efiect laagp. 
The lower and higher cufofife aie defined as fhe fold change associated wifli an 
ejq,ected 20% and 80% decrease respectively of the le&tsnoe activity of the drag 

widiin the regimen. 

Cutoffs obtained using definition 2 do not address the potency of fee entire treatment 
regimen, but latKer give an estimation of tiie activity of the dmg within the regimen. 
The absolute magnitude of the viral load drop dq«nds on ^ecific covariates. 

Defudfion 3: 

Definition 3 was a variant of definition 2. The lower catK«fiFwas defined as the fold 
change that niostopijma%distinguishedpatiems between siK»e^ 



30 treatments, 



Using definition 3, breakpoints detemined by classification trees are applkabls oafy to 
a subset of patients unless fold change is selected at the first tree node. Classificatioo 
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trees are easy to mfBi|iretbutthe outoffe do not indicate tbe magnitude of the viral lo^ 
leduc&m ejqpected fcr the ^s*ole legitiiea or the drug wifljin flie regtmen. Bieakpoints 
determined by iJie linear and &e logistic regression models ate dose to the tower 
cotoffe as defined by (fejMtion 2, «cqrt fijr the boosted pi»^^ 

5 'I^emeftodologywas£5>pHedfiaTeno(&vironapqpula^ 
Imides tooofijvir and iwift a basdine Log(VQ aF4. 

When we ajipKed definition 1 oa Hie linear regression model, fte djserved drop in tog 
viral toad was -0.6 at fold change 3.73 (iig 3a). NoWgher cut-off could be dedv«das 

this population experienced a drop in Log(VL) greater then 0:2 even with a hi^ 
10 baseline fold change for tenofovir. Hiis could be ejq»Iained by the efiEeot of fiie active 
hackgnDond regimen in this population. 

When we applied definition 2 on the linear regression model (fig 4a), the observed drop 
in tog viral load was -1 .48 at fold change 1, and -0.28 at the assynqjtotic told change. 
TheiBfi»etheefiectiangewas-0.284-I.4g =1.2. 

15 20% of fliis eCfect range was observed at fold change 5 (and this vatoe was considered 
as the uppM clinical cut-off value). 

80% of Ae efifect range was observed at fold change 1 .25 (and iMs value was 
coosideied as fbo lower cUnical CDt-<^ value). 

To predict 4e resistance according to this regression model, we determined whether the 
patient fold change issstance was above, below, or in between the clinical cut-off as 
calculated according to definition Z So,^H*enliieFCofpatientwasof0.8(belowliie 
tower clinical cut-off), a nonnal clinical lespome was predicted. If flie FC of the 
patient was of 2 (above the lower clinical cut-off and below the uppra clinical cut-off), 
a reduced clinical response was predicted. If the FC was of 7 (above Ae clinical cut- 
25 oft), then the clinical response was predicted as being unnimal. 

Definition 2 was also appUed to the logistic model (fig. 5a) and this resufted in a tower 
cutoff at 1.2 FC and a hi^ cut-off at 3.81 FC.The results for definitton 3 are 
depicted in fig 6 and 7. 

The Tenofovir results tor the pc^tion with 2 active drugs in the legunen and a 
30 baseline Log(VL) of 4 are soBimarized in the Table below. 

From the Table, it can be derived that the lower cut-off for definition is 1.2 and the 
higher cut-off ranges fiom 3.81 to 5 for the population of patients taking 2 active drugs 
be!ddesteno&vjrandwiAabaselinelog(VL)of4. Hie variation to cut-offi determined 
by the different definitions is a resuft of the different influence of the covaria^ 
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PSS and log VL, That is, the influence of the covariat^s is significant when osing 
definition 1 and less significant when using definition 2. 

Definition 1 can only be ^pKed on the linear regression model The? clinical cut-offs 
dete£tnmed ming definition 1 are hi^y dependent on the chamc^ristics of the 
5 suhpopidatioalldsisduetotfae:^fl^tdefi^^ 1 descnbestib^poteiiey ofthe 
whole drug regin:^ while defimtion 2 is related only to the activfty of fhe dmg under 
cDnsideretion and its festsffance profile. la other wook. the sK^tivity of the li£K)kground 
regimen together with the drug under iavestigation determines the viral load drop that 
the patient will experience and hmcQ fhe dependence of the cut-off on the b^kground 
10 regimen. The activily of the background regimen does not change the resistance profile 
in apDofcmd way, therefoa^ the clinical cut-ofife do not vaiy consiiks^ly with the 
peculation chamclmstics. 



Definition of 
Clinical 


PopuMon 


Properfi^ of the subgroup 


Lower Higher 
CO CO 


Regression 

Lower Higher 
CO CO 


Ciassffh&Uon 
Tree 

Lower Hfgher 
CO CO 




Subgroup 1 
Subgiot^2 


PSS^2, base^ U>g(VL) - 4 
PSS^,i:m^^ljog(VL)^4 


3.73 

168 


> assay 
HmEt 
3.8 


HA 
MA 


NA 
NA 


NA 
NA 


NA 
NA 




SubgroupB 
Overaa 


PSSa2, base&neLogO^ » 5 


> assay 
imrt 

NA 


> assay 
limit 

NA 


MA 
NA 


NA 
NA 


NA 
NA 


NA 
NA 




Subgmup 1 
Sutfgmup 2 
Subgmup 3 
Overaff 


PSS^Z bB$0ifn& U^VL) = 4 
PSS^, baseime Log(VL) = 4 
PSS^Z bQQ^me Log(VL) ^ 5 


1.25 

1,25 
1.25 
1,25 


5 
5 
5 
5 


12 
116 
117 
NA 


3.81 

3,36 
3.4 
NA 


NA 
NA 
NA 
NA 


NA 
NA 
NA 
NA 




Subgroup 1 
SubgiXHJp2 
Subgpoi^S 


PSS=^2, baseSne Log(VL) = 4 
PSS==0,base&wU>g(yQ-4 
PSS^baselheljog(VL}-B 


1,1 
11 
11 
11 


5 
5 
5 
5 


12 
12 
12 
1^ 


3.81 

3,^ 
3-4 
NA 


115 
1-15 
115 
1.15 


NA 
NA 
NA 
NA 


^A:NotApp|[c^[e 



15 Both lii^ar and logistic regression models give similar results fi>r definition 2. 

When we applied defiuition 1 on the linear regression model for patients with a log 
baseline viral load of S aadaU patients taking two active drugs in addition to 
d4T(5tavudineX a viral load dwp dTnuHre than 0,6 log copies^mL fi)r any fold change o£ 
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10 



15 



20 



25 



d4T is ptedicted (figure 3b). Tie vnalload drop is predicted to be -0.6 togs and -0.2 
logs at fold changes 2.6 and 4.0 fhr patients with a log baseline viial load of 5 and 
taking no active dnig^ in addition to d4T (see ligme 3b). 
Lower and upper cutoflfe determined usigg defmitioii 2 for lopinaviiA are shown in 
figure 4b as 8 and 69 respectively far fhe whole poptdation if vital load is modeled 
using linear regression, while the lower and upper cuttofs are 1 1 and 64, 10 and 60, and 
9 and 58 respectively for populations with log baseline VL/background PSS of 4/2^ 5/0 
and 5/2 respectively if ^ feilure rate is modeled using logistic regression (see figiire 
5b). Tbe PSS is not statistically significant in this example. 

Lower and i^per cutoffe detennined using definition 2 for boosted saquinavir for the 
togisticmodel were 1.7 and 13.2, and 1.7 and 125teq)ecfively for populations with log 
baseltoe viral load4ihanolypic sensitive 

5/0 respectively. Lower and upper cutofife by linear t^gtession fer saquiavM- were 1.6 
and 123 respectively j&jr flie whote poptdaticm 

Lower and upper cutoffii determined using definition 2 for AZT are sbown in figures 4c 
and 4d if viral load is modeled using linear regtession. Figure 4c shows the changp in 
vital load vs. the fold change whilst figure 4d shows the % loss of reference response 
vs. the fold change. 

Further teste wilh records fer >13,Q00 patients yielded -3150 regimens with the 
lequiredbaseline and outcome variables, ranging fiom 60 regimens including boosted 
SQV soft gel to 1546 idfcluding 3TC. Medias log baseline viral load ranged from 3.8 
(re^mens wiflHeoofovir) to 4.7 (regitoens wifli boosed indinavir). Median PSS of 
background regtmais was 2 (range 0-7). Hie folbwing laUe shows results of 
preKminaty F?rt«fl/Phenotype™ Oinical Cutoffs for Bucleosides(tides) and boosted 
and unboosted protease inhibitors fromapieliminary linear regression analysis. Tbe 
fold change values associated wilii a 20% diminution of viiologic response at 8 weeks 
and an 80% diminution of virologic re^onse compared to the maximal response are 
shown widi a 95% con&ience interval m square brackets. 



DRUG 


PREDICTED FC Of WILD 
TYPE CUHICAL ISOLATES 


VIROLOGIC RESPONSE 


20% REDUCHON 


80% REDUCTION 


AZT 
ziclcmicBnd 


0.8 


1.6 


17 
riO-251 


3TC 
Jamivudme 


0.8 


1.1 
[1.1-1.21 


2.6 
fl.9-4,61 
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W/?ro4tPHE^IOTYFE^*' 
PREDICTED FC OF WILD 
TYPE CLINICAL ISOLATES 


VIROLOaC RESPCmSE 


20% REDUCTION 


80% REDUCTION 


stavudine 


0.7 


1.3 

_ ri.2-i.4i 


3.4 
f3.1-3.6| 


ddl 
didanosine 


0.6 


1.3 
[1-2-1.9] 


3.6 
[2.8^.9] 


ABC 
abacsvir 


0.6 


1.6 


5.8 
117-7,4^ 


mp 

tenofovfr 


0.8 


1.2 


2.5 
fl7^3,81 


iDV 
irKlinavir 


0.7 


1^ 
[1-1-1,91 


3.4 
fl9-16.4] 


IVD/r 
Indinavlr/r 


3.6 
[1-1-8.41 


25 
ri8n311 


NFV 
neifinavir 


0.9 


11 
[1.1-1.3] 


2.2 
ri7-6.3] 


SQV 
saQuinavfr 


0.6 


11 
fl1-2.11 


2.0 
[17-181 


SQV/r 


16 
[13^.81 


12 
[5.8-271 


AMP 
amprenavir 


0.6 


12 
tl1-Z4l 


3.4 
ri7-10.2| 


AMP/r 
amprena\^r/r 




15 
ri2^2,61 


6.8 

[3.8-10.51 


LPVfr 
Loplnaviryr 


0.S 


6,9 
[2.1-^17,41 


56 
[29^671 



Similar values were detennined in logistic regression models. WMe the magnitude of 
tte viiologic le^ase fiir iodtvidaal patients is a£fected by oovariates such as viral load 
and res, FC vahies associated wilii fiactioas of the effect lan^ 

Furl3»er test results sliowed tliat the clinical ctrtoffi for 20% reduced response after 8 
weeks we low (1.1 to 1^ for anboosted Pis), but higher than Virco type predicted 
fi)ld changes for wild type clinical isolates(0,73 (ABC) to 1.07 (AZT) for NRTIs, 0.63 
(APV)to0.87(NFV)forPls).CBricalcuto«6fbf80%i«3^ ' 
3.4(APV, IDV) foranboostedPIs. CHnicalcutaEfe fin- boosted Pis were Ughen 1.5 
(APV/r) for 20% redaction and 6.8 (APVA') for 80% reduction. AnKMigfhetreatefitit 
regimens analysed, sensitivity classes defined by these clinical cutoffs showed different 
lates of virologio response (viral load drop of more than 1.0 logfor BQL at 8 weeks) to 
regnnens indudiiigthe drug: 70 to 92% for fold changes less than the lower clinical 
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cutofi^ 39l»68% for fold changes between ftei^per and lower cHmcal and 18 

to 50% fer foM dhanges aboire fle tiffier dinical caiiofit 

In anoflier example the foUowing linear regression model is used for d4T with clinical 
cutoff definition 2 when i«g(BaseIiBeVL) = 4, lower lefetenoe fold change =0.9 and 
i^iefeieocefoWchan8e-3,cPSS==a,PSS[NRTr^l and HRTI[na(ve]=0, using the 



VUtvp = 2.91 - 0.63Log(BaselmeVL) - L66(FC^'') - 0.99(cPSS) + O.I5(cPSS^) 
~ 0.18(PSSpmri) + 0.91(Nim(nasve]). 

The NRHtnaive] value represents whether the patient is naive to nuclesidB RT 
10 inhibitois. If yes, value -1, if no, value =0. The PSS[NRT[> represents thephenotypic 
sensitivity score for mTIs, i.e Ihe number of active IsffiLTIs in the background tt&mm 



Stage I : Calculate VL drop at the lower reference FC (drug is fully active) and the VL 
drop at the xxgg&^ reference FC (minimal activity of the drug). This leads to a lower VL 
15 d«q) of -2.94 and an upper VL drop of -2.03. 

Stage 2: Calculate VL drop when drug has lost 20% of its activity and Ae VL drop 
when drug has lost 80% of its activity. His gives values of VL diOF-2.76 for 20% and 
-2.21 for 80% loss of activity. 

Stage 3: Determine Foldchaage equivalent to VL drop at 20% and 80% loss of activity 
20 by inserting vahies for VL drop into the above equation and calculating FC. TUs gives 
FC values of 1.08 and 2.18. Consequently, the lower and upper clinical cutoff values 
fiir d4T ^ modeled as 1.1 and 2.2 respectively. 

Step 4: ValUtt^a of ihe citt-e^ 

The models were vaUdated using bootstrapping and repeating the steps described above 
25 several times. Bootstrapping is a resampHng technique in which pseudo-populations of 
the same size as the original population are created by randomly drawing samples from 
the original population. Analysis of each of these populations gives a sense of the 
saiopllng vazialnfity of flie cHnlcal rait-of£ 

Figure 9 idiows initial validation of preliminary Fi^aiPhenotype™ Qinical Cutofis 
30 fiw aoclesidesCtides) and boosted and uriboosted protease inhibitors by bootstrapping 
witti 90% oonfideiK» intovals. 

The problem is tackled from dififeent points of view in order to assess the robustness of 
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the analysis r^tdts. The clinical cut-oflFs obtained could be further refined by adding 
moro data sets and by taking more chaxactedstics of the patients into account The 
clinical-cntoiGEs obtained could also be further xejQnedby perfotming fhe model on 
unseen data. 

5 An alteiiiatiye mefliod of validation of ttie model includes calculation of a concordance 
index (c-indes:) which describes how all models can discriminate between patients 
with a different response. Hiis c-index is calculated on the data set used for model 
development and on a test data set If the difference between ihe two c-indices is smalls 
it means that fee models do not lose their predictive ability if applied to new data. The 

10 following table contains information regarding the validation procedure for each drug 
lasted when mo^lled using the prefened embodiment of linear regre^on wbkli 
inckui^ 1i» addition^ &ctors of sensitivity drug per class in addition to the overaS 
sensitivity score of the background treatment and previous exposure to the drug (e.g. 
naive, naive to Pis, naive to NJOTs), Tbe test da^ c-index and the validation data c- 

15 index columns relate to Hxe c-indicies for the original test data set and the new data set 
for validation purposes. The modeled lower and upper values of clinical cutoff are 
quoted with corresponding confidence intervals. 





Test Data 


VaHd^tfon Data 


Modelled Lower 


Modelled Upper 


Drug 




ceo 


BCO 




ceo 


BCO 


Cutoffs 


Cu&>ff& 


C4ndex 


Odds 


Odds 


C-fndex 


Odds 


Odds 


Confidence 


Confidence 






Ratio 


Ratio 




Ratio 


Ratio 


Merval 


bnteival 


AZT 




0-065 


0.107 


0-7a ' 


0-252 


0.316 


1 .9 ti .62-2.761 


14,4 18.24 "-21JS!0| 


3TC 


0-79 


0,160 


0.202 


0.79 


0-265 


0.284 


1.1 [0.98 -.1-391 


3.7 f171^11.44| 


D4T 


0.77 


0,113 


0.239 


0.76 


0.366 


0.377 


1.1 [1.05-^1,121 


2.2 tZ05 "2.301 


DDEE 


0.73 


0.219 


0-379 


0.71 


0.119 


0.159 


1.3 [1.07 1.34] 


SO [2,59 --2,961 


ABC 


OJO 


0.651 


0.369 


0,69 


0.544 


0.3S0 


OB [0-76 ""1.721 


1-2 [1.19-6.111 


TDF 


0,71 


0^8 


0,570 


0.58 


0.226 




1.0 [0^-1.321 


2.0 11,51 -2.95] 


IWP 


0.79 


0J282 


0.290 


0.83 


0,054 


0.054 


1^1140-^15,741 


3.2 [2.22 "-63.06J 


EFV 


0.79 


0.079 


0.099 


0-79 


0,041 


0.042 


1^[1>l1-3,74} 


29.2 [6.46 -146.891 


IDV 


0-76 


0.098 


0.194 


0>79 


0-270 


0.698 


03 [0.77 -1.04] 


2,211.33-7.191 


<DV/r 


0,71 


0.027 


0.122 


0-63 


0.012 


0.038 


4,1(0,77 - 6.24} 


21 .2 [1.41 --22^ 




0,86 


0.051 


0.061 








0.7 [0.66™ 0-87] 


1.4 [1.03 --5,551 


M»V/r 


0.73 


0.006 


0,053 








0.9 [0.80 --2.72] 


6.5 [4,06 -16.221 


NFV 


0.76 


0.177 


0.291 


0.77 


1,068 


0.938 


1.0 [0.97 ^1,031 


15 [1.54 -2.38] 


SQV 


0.77 


0,332 


0.431 


0.56 






0.7 [0.65 ~-2.28| 


t.O [1,03 --22.61] 


SQV/r 


0J1 


0.165 


0.249 


0.81 


0,054 


0.080 


1.1 [0.81-5.98] 


12.0 [4,50 --28.85] 


U*V/ir 


OJO 


0.074 


0,240 


0.75 


0.(KK2 


0-277 


10^[tS3-" 17.301 


616 [2192-66.96] 
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Hie colannis headed CCO Odds Ratio and BCX> Odds Rata) leiiiBseaitfhe oddsof 
being a nesponder in Ihe groiqj lliat is labeled resistance 1^ Ihe cutofls divided by flte 
odds ofbeiBg a lespcmder in 1iffigjx)ip to KlaJjcled sensitive For 

5 example, if there are four non-responders and one responder in the resistant gtxfop, and 
four tesponders and two noa-iesponders ia the sensitive group, the odds of being a 
responder in ihe resistant group is 1:4 = 0.25 and the odds of being a responder in the 
sensitive group is 4:2 = 2. This means ftat the odds ratio is 0.25/2 = 0.125. In other 
words flie odds of bring a lesponder in die resistant group are 0.125 times the odds of 
10 beingaiegionderinfliesraisitiveg^oi^p.Tljefiiifteraway1iiat^ 

the stronger fte oncefatbnbetweeafhe lesistaiKe ch^aaddiiucal oubxHne. 

The sepaiation in giai5» (resistaBceftensithre) 

biologica! cutoffs. This means that odds mtios based on cHmcal catofi& (CCD) and 
odds ratios based on biotogical cutoffe (BCO) can be compared If the odds ratio for the 
15 ceo is smaller lhan the odds mlio for die BCO, it can be coocloded th^ the CCO gives 
a better prediction dian the BCO. 

In practice, a logistic regression model is used to determine the odds ratio. The model 
used is similar to logistic recession model described earlier except diat the fold change 
in the model is xqilaced by die resistance class. The coefScient for the lesistanoe class 

20 ttet is obtained femi Ihe model is flie log (odds ialio),Tlieadvaalage of 

model is that the odds ratio estimates can be agisted for the baselinB viid load ^ 
cPSS score of the backgrbond i^jmea. lii one dataset, usmg fiie CCOs set <Nit on lage 
36 herein, the odds ratio for response per additional active drug added was 3.01 when 
calculated using clinical cutoffe, and 2.32 when calculated using biological cutofife. 

25 Hiese odds ratios are ratios of odds of response f(B-peqpIe taking more active drugs 
over the odds for people taking less active drags. The odds ratio here should be > 1 as 
the prolwariH^ of reispansB will iiMaease as the n^ 
In fliis case, a larger odds ratio indicates a stronger conelatm 
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CLAIMS 

1 , A diagnostic tnelfaod for estimating for a patient the treatment t^onse of a disease 
cau^by apatbc^^ to a dnig^ fbe ms&od conqnisin^ 

coxriparing ihe fold chatige resistance value of tJie pa&hogen infectnig fhe patient to 
5 a clinical cut-off value which is the fold change r^istoicc value at ^viiicli a 

clinically relevant variation of clinical response is ot^exved; 

wherein the clinical cut-off value is established by modeling Iflie clinical response 
of a population of patients tr^ted with the drug to the disease caused hy the 
pathog^ as a fiinction of the fold change resistance of flie pathogen infecting fiie 
10 pad^ts. 

2. Am^hod acoordmgto claim 1, wherein^ cut-off value is det^nmedas a 
fimction of treattnant response data in tr^ted subjecte, considering tegseline 
pathogen loa4 baseline feld change resistance and baseline activity of 
coadministered dru^ targeted to the pathogen. 

15 3. A method m:xxs:dmg to claim 1, wherein fhe cut-off value is calculated by 
reference to Ifae pathogen load drop. 

4, A method according to claim 3, wherein the cut-off value is catenated by 
re&rence to the logpathog^ load drop. 

5. A method acmtding to claim 4, wherein the log pathogen load drop is calculated 
20 hy pei&iining a hn^ xegre^ion analysis using data fimm a dataset of treatment 

response data, wherria ttie log pathogen load drop LogPL dropt, fox the pathogem 
infecting a patient i, is modell^ as the sum of all of fhe individual contributions 
for fitctors that inflt^ce pathogen load drop» accordieg to the folkiwing equation: 

LogPLdrop, = fi,Log(BaseUnePL.) H- + ^^(l/Fq)^E, 

25 wherein BaselimPLi repr^ents the pathogen load of the patient measured at fhe 

start of treatm^t by fbie drug, 

PSSi is aphenotypic sensitivity score representing tiiie lumber of active dm^ in 
the background treatment regrmen fo^ the i^tient, excluding tiie drug whose 
contribulion to treatment response being modelled, 
30 FCi is a baseline fold change resistance, 

is ^intercept. 
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y?j is a coesEBcient represeatiDg the increase in log pathogen load drop per unit 
increase of Ihe log of the BasdtnePLi, 

^2 is a coejQScient indicati]^ the inciease in log jia&ogen load drop ^ unit 
in^ease of the numbesr of se^dtive drags in the background treatment fegnnen^ 
5 ^5 is a coefiScient indicating the incaease in log pathogen load drop per unit 

increase of the inverse of 

and wherein the error term, ^presents the diff^eiKse between tto modelled 
prediction and the experimen^y determined measurement 

6. A method according to claim 4, wherein the log pathogen load drop is calculated 
10 hyperfonmng a Hnear re^s^icHi analysis i^ing data fiom a dataset of H^atment 

response data, wherein the log pa&ogen lo^ dio^ 

infectmg apatient i, k modelled as the aim of all of the individual contdbodoi^ 
fin: &ctot^ that influence pathog^ load drop, according to the Allowing equation: 

15 wherein the terms of the equatkin are the same as those given in claim 5, and 

additionally, p is a power Iransfonnation (e.g. ranging fiom -3 to 1) and H5 to Ha 
are treatnient history parameters or parameters describing the background therapy 
as a function of a certain tfaen^poitic class. 

7. A method according to claim 1 , wberem Ae oit-off resjKnise value is calculated by 
20 refoence to the piobabiUty of the paflhiogen being suscqitible to treatmait by fte 

drug for the patient, herein termed JVo& ofsmcess. 

8. A mediod accocdtng to claim 7, wherein Prob of success is calculated by 
performmg a logistic xegression mialysis usmg data fiom a dataset of treatment 
response data, whesein JProb €f success is modelled according to the following 

25 equation: 



tie 

start of treatment by the drug, 
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FSSi is a pheiK^ic sensitivity score repie^ting the number of active dm^ in 
the 1>ackgr(3*md treatment legjmen ftnr the patient, excluding the drug whose 
txmtribulKm to treatment lesponse is being modelled, 
FQ is a teseline fold change f^istance, 
5 is the intercept, 

is a coefficient rqjtesenting the incr^e in log pathogm load drop per unit 
increase of the log of tiie BaselinePLi, 

^2 K a coefficient indicating ihe mccease in log pathogen load drop per unit 
increase of Ihe number of seiiKitive dmgs in the backgtound treatment regimen, and 
^3 is a crofficient radicating the incns^ in log palhog^ load drop per unit 
increase of the hrvretse of FC^ 

A method according to claim 1, wherein fte cut-off fold change resistance value is 
calculated by reference to Ae likelihood of a patient achieving treatment success or 
:6iluie, where a definition of success is having an undetectable pathogen load after 
tfeatnMit wife aparticular drug, using a classification tree. 

L A method accordmg to claim 9, wherein the clinical cutK)fffed€fi^ 
change r^istance threshold value that makes lie best distinction between toe 
populatioii wilh successful treatm^ts and the pcgp^ulatbn with unsuccessful 
treatments. 



11. Ametk>daccordingloanyoneof1hepieoedu^claims,where^ 

change resistance is detmnined by comparing the genotype of the disease causing 
pathogen to phenotype data coUected ftom a gmup of patimts infected wiih a 
pathogen of sfanilar geno^^. 

12. A method acooidmg to claim 1 1, wherein fiie baseline fold change resistatt<^ is 
detemiMd usmg the Virtual Phenotype system, or a variatian thereof 

13. Amethodaccordingto claim!, that mcoqwrates two ^ 
i^ited in cMtns S, 6, 8 and 9. 

14. A method accordtog to any one of the priding claims wWch is a computer- 
implementoi method 



30 



15. A method acooiding Id claim HwWch is an automated metl^ 
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16. AioeflK)daccQidmgtDaiQrcmeofftepre^^ 

caimig pathogen is obfefaed fe>m a patiesrt sao^fe cboaea ftom a Wood sample, a 
biopsy sample, a plasma sample, a saliva sample, atissue sample, and abodDy 
fluid or mucous satcyple. 

17. A ineQiod according to any one of tiie preceding claims, wherein liie disease 
canstngpafiiog^ is a virus. 

18. Amefhodaccordbgto claim 17, whereinliiediseasecaiM^ 
HIV,HCVandHBV. 

19. Amefhod according to any one of the pteceding claims, wherein flie method is 
Perfimned §ot a number of candidate drugs so as to provide infonnation on the 
predicted fi)M resistance erfriWted by the pathogen to a spectrum of candidate 



20. A diagnostic method for optimising a drag therapy in apatient, comprising 
perfonning a method according to any one of the preceding claims for each drag or 
combmatian of drugs being considered to obtain a series of drag resistance 
phenol and fherefine assess flie effect of the phitaUty of drugs or drug 
oomhmations <m the pathogen wifh^vMchl^ 

drug or drug comhinaticm fiir^ch the pafhDgen is predicted to have fee lowest 
resistance. 

21. Use of a mefliod according to any one of the preceding claims for assessing the 
efficiency of apatienfs therapy or for evaluating or optimizing a thet^. 

22. AdiagnoslfcsygtBmferpiBdictingciMcalie^onsetDadrugofadiseaseca^^ 
pathogen comprising: a) means for obbdmng a genetic sequence of the disease 

producingpalhogea;b)means for identic at least one mutatikai in fteg^c 
sequence of the disease producing pathogen; c) geno^ database means 
conpiising genotype entries; d) phenolype database means comprising phenofyp^ 
of patient foW change response values; e) clinical response database means 
ooii5«i8iiig clinical i«?K)nsBlo drug treato^^^ sample patients; f) 

condatitameans ctmelatingagenotypeeiitiy where the 

genotype entry coriBspoiufewiflifl.e obtained geo^ sequoice of fte disease 
producing pathogen; g) means for modelling clinical response to a dmg of the 
disease causingpathogenl^ determining whettier the patient fold change ^ 
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is above a cut-off value^ wherein the cut-off TOlue is detoiniiied using the climcal 
tespoDse database means and conpises llie jfoU change resume ^vahze at which a 
clinically ]:ele\^ dnrnmshed clinical rasponse is observed; andh) means for 
predicting flie clinic^ respmise to a drag of a disease by determining whether the 
5 patient &>ld chan^ response is above flie cutoff value. 

23. A diagnostic system according to claina 22, wherein the cut-off value is determined 
as a function of treatment response data in treated subjects^ considering baseline 
pathogen load^ baseline fold change lesistance, baseline activtty of co-^admioistezed 
dru^ tarried to the padiogen and tcesdment history, 

10 24- A computer apparatus or cot^utet-^based system adaj^ 
any one of claims 1-19, 

25, A computer program product for i^e m conjunction wilh a computer, said 
con^uter program comprising a computer readable storage medium and a 
coniputer program medianism oxibedded Iherdn, the comprter program 
15 mechanism comprising a mcKluIe that is configure so that iqpon receiving a 

request to predict the response of a disease caused by a pathogen to a drug it 
perfomK a method according to any one of daini^ 1-19. 
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wrF:^jpf<-^iKi»5,Ti^. 




•Rl 




^^^HJ^f^SL 



Figure la: 
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Figure lb: 
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Ex^ple of Lkiear Regres^on of change In Log(yL) 
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Fijpire 2a: 
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FC at baseline 



Figui€ 2b: 
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Figure 2c: 
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Figure 2e: 
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FCate^lIne 

Figure 2g 




Figure 2f 
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Definition 1 appH^ on drop in L<^L) <Bnear regresslort) 
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Figure 3a: 
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Figure 3b: 
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Figure 4b: 
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Figure 4d: 
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Figure 5a: 
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Figure 5b: 
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Dellrtfflon 3 applied on drop in Log(VL) (linear regression) 




Figure 6 
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DefinlHon 3 applied on the probabilily of faOure {=1/Probabilily of suojess) Ooglstic regression) 
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Figure 7 
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Figure 8a: 



FC>=1,15? 




Figure 8b: 
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Figure 8c: 
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